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This paper gIves a revIew of the economIc growth literature, by examining both 
theoretical and empirical literature on the relationship between international trade and 
economic growth, The paper finds that theoretical growth models still fall short of 
identifying a direct channel of investigating the relationship between international trade 
and economic growth. Instead, economic theorists have developed theoretical models to 
investigate the relationship between international trade and economic growth, through the 
indirect channel of productivity gains, believed to be associated with higher international 
trade. Although most studies highlight the positive impact of international trade on 
economic growth, a review ofthe literature still shows mixed results on this relationship. 
For South Africa, most empirical studies associate the improvement in total factor 
productivity since the early 1990s to the liberalisation of South Africa's trade and this 
improvement in TFP is said to have contributed towards much of the improvement in 
GOP during the same period. This study uses a unified model to investigate the 
relationship between trade liberalisation and economic growth, by explicitly including the 
factors of TFP growth in the growth model, for the period 1970-2005. Trade 
liberalisation (measured both by the change in trade policy and the level of foreign trade) 
was found to be a significant factor of the growth in output per worker, through increased 
productivity, during the period under study. Private sector investment was also found to 
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The idea that international trade leads to higher economic growth has gained popularity 
in economic growth literature and has been subject to much empirical investigation. Most 
researchers have argued that more open and outward oriented economies grow much 
faster than economies that have protectionist trade policies. However, there is still much 
debate in economic growth literature on the relationship between international trade and 
economic development. Both theoretical and empirical investigation has resulted in 
mixed results on this relationship. While some studies have found a positive relationship, 
others have found no relationship at all, while some have even found this relationship to 
be negative. 
This paper gives a review of the economic growth literature, by examining both 
theoretical and empirical literature on the relationship between international trade and 
economic growth. The paper also attempts to extend the empirical investigation on the 
relationship between international trade and economic growth in South Africa. South 
Africa presents an interesting case study due to the variation in trade policy before and 
after South Africa's democratic transition in 1994. 
The paper begins with an overview of theoretical literature on economic growth and 
international trade. A review of international empirical evidence is presented in section 
three. Section four reviews the case of South Africa, by giving a brief overview of South 
Africa's trade policy, trade development and economic performance both before and after 
the transition period. The section also reviews empirical literature on the relationship 
between international trade and economic growth in South Africa. Section five presents 
the empirical model employed in this study to examine the relationship between 
international trade and economic growth, and the results are presented in this section. 











2. Theoretical literature 
Theoretical investigation into the relationship between international trade and economic 
growth can be traced as far back to the classical theory, which began with Adam Smith 
(1976). In Smith's theory, economic growth was driven by the growth in capital, labour, 
land and increases in overall productivity. The main idea from Smith's theory is that 'the 
division of labour (or specialisation) improves growth and more importantly, that the 
division of labour was limited by the extent of the internal market' I Therefore according 
to Smith's theory, 'international trade made it possible to overcome the limitations of the 
internal market and by increasing the extent of the market, international trade facilitated 
the division of labour and encouraged technical innovations, thereby increasing 
productivity and overall economic growth' (Afonso, 2001: 4). 
The classical theories of economic growth were followed by neoclassical growth theories, 
which began with Solow (1956) and Swan (1956). In these models, economic growth was 
determined by the growth in capital, labour, and exogenous technological progress. In 
these tradition neoclassical models, long-run or steady state economic growth is achieved 
through the increase in the productivity of factors, brought about by technological 
progress (Romer, 2001). However, because technological progress is exogenous in these 
models, international trade does not affect the long-run economic growth. 
When the neoclassical growth model is extended to open economies, international trade 
can have a once-off effect on the steady state level of output (which can be positive or 
negative, depending on the impact of trade policy). In this instance, international trade 
affects the allocation of resources between sectors, and therefore the steady state level of 
savings and capital accumulation, which in turn has a transitional effect on the steady 
state level of output (Jonsson and Subramanian, 2001: 198). Therefore, like in classical 
models, international trade can have an effect on economic growth in neoclassical 
models, although this impact is only transitional in neoclassical models. It has been 












which case international trade could display growth effects on output (Nowak-Lenmann, 
2000: 9). 
Dissatisfaction with treatment of technological progress as exogenous in neoclassical 
models led to the emergence of the endogenous growth theory (which started with Romer 
(1986) and Lucas (1988)). In endogenous growth models, technological progress is 
driven by the behavior of profit maximising firms through the allocation of resources to 
the creation of new technologies, through for example, innovation, imitation and 
technology transfer (Romer, 1990). Firms undertake innovation to improve existing 
technologies in order to improve the productivity of factors or decrease the cost of 
production; to increase the variety of inputs used in production and products produced; 
and improve the quality of existing inputs and products. Imitation on the other hand is a 
process whereby firms undertake to learn and adapt new technologies used in other firms. 
Both innovation and imitation require the expansion of resources into research and 
development (R&D) (Chou and Wong, 1997, p6-7). 
Technology transfer, on the other hand, involves the direct transfer of new technologies 
from other firms and this can be achieved through various channels, for example through 
the direct purchase of technologies from other firms, or indirectly through technical 
spillovers from being in contact with other firms, through international trade, joint 
ventures and foreign direct investment (FDI) (Chou and Wong, 1997, p6-7). Long-run 
growth in this regard is therefore driven by the intentional expansion of resources by 
firms into technological progress, through R&D and technological transfer. 
The above analysis of endogenous growth theory therefore suggests that international 
trade can have a long-run effect on economic growth by enhancing productivity through 
technological progress. For instance, international trade could result in technology 
spillovers, whereby local firms acquire new technologies from foreign firms, for example 
through the importation of capital goods from foreign countries (see for example 
Grossman and Helpman (1991)). These new technologies enhance the productivity of 











enhance efficiency through cheap intermediate goods imports and competition from 
cheaper imports, resulting in the decrease in margins and the elimination of inefficiencies 
(see for example, Quah and Rauch (1990) and Chang et al. (2005). Lastly, international 
trade can facilitate productivity through economies of scale associated with the increase 
in market size. Therefore, by facilitating technological progress, international trade can 
have a long-run impact on economic growth in endogenous growth models. Although this 
analysis might suggest a positive impact of international trade on economic growth, it 
should be noted that international trade can have a negative impact on growth if for 
example, local firms do have a comparative disadvantage in innovation and imitation, or 
if local firms cannot compete with cheaper imports. 
From the above, it can be seen that endogenous growth models provide a theoretical 
framework for analysing the relationship between international trade and economic 
growth, by making technological progress endogenous. As a result, endogenous theory 
has become the foundation of economic growth analysis and many economists continue 
to use endogenous growth models in an attempt to explain the link between international 
trade and growth. However, it should be noted that, although endogenous growth theories 
allow for a theoretical framework for analysing the relationship between international 
trade and growth, this theory also falls shorts of explaining the direct channel through 
which trade affects economic growth, suggesting that the direct effects of international 
trade on economic growth cannot still be justified on theoretical grounds. 
One source of difficulty in postulating the direct link between international trade and 
economic growth is associated with the measure of trade policy or openness indicators. In 
general, there is no perfect or uniform indicator of trade policy and in many cases it is 
often difficult to accurately quantifY trade policy. Importantly, the effects of trade 
policies might differ across countries and therefore it might be misleading to generalise 
the effect of trade policy in one economy to other economies even of even similar 
characteristics (Nowak-Lenmann, 2000: 13). Pritchett (1996) gives a critique of the 
various measures of trade. Secondly, it is also argued that trade liberalisation is often 











isolate the impact of trade policy from other macroeconomic policies (Baldwin (2002) in 
Winters, 2004: 9). 
Many empirical studies have been criticised for investigating the relationship between 
trade and economic growth without any clear theoretical framework that postulate the 
direct link between the two variables. As such, some researchers have attempted to 
overcome this shortcoming by using the indirect link between international trade and 
growth, by using models that capture the impact of international trade on factor 
productivity, which is assumed to lead to higher economic growth. The next section 
presents international empirical evidence on the relationship between international trade 
and economic growth. 
3. International empirical literature 
There are two strands of empirical studies on the link between international trade and 
economic growth, namely cross-country and intra-country or case studies. Examples of 
earlier (and widely cited) cross-country studies that examine the impact of trade on 
economic growth include Dollar (1992), Sachs and Warner (1995), Edwards (1998) and 
Coe, Helpman, and Hoffmaister (1997). More recent cross-country studies include 
Wacziarg (200 I), Loots (2002), Dollar and Kraay (2004) and Chen and Gupta (2006). 
These studies have focused either on the direct channel of international trade on output 
growth or in the impact of trade on total factor productivity (TFP). The broad conclusion 
from these studies is that higher international trade has a positive impact on economic 
growth. Furthermore, some of these studies have focused on developing countries, and 
have highlighted the importance of trade liberalisation as a key to the development of 
poor nations. 
Despite the broad finding by many cross country studies that international trade has a 
positive impact on economic growth, the validity and/or reliability of these studies have 
has been called into question (see for example Edwards (1993) and Rodriguez and Rodrik 











models without a clear, if any, theoretical framework which explains the link between 
international trade and economic growth. This is particularly a problem in studies that 
examine the direct impact of international trade on output growth. 
Secondly, these studies are criticised based on the choice of the trade measure employed 
in these studies, which often result in endogeneity or measurement problems. The 
problem of endogeneity is particularly prevalent in studies that use the level of foreign 
trade (such as exports and imports) as a measure of trade. In this regard, the endogeneity 
problem arises because foreign trade variables (imports and exports) are outcome 
measures, which makes it difficult to determine the direction of causality between 
international trade and output growth. That is, it becomes difficult to determine whether 
trade liberalisation as measure by the level of foreign trade result in or from output 
growth. 
Some studies have tried to overcome the endogeneity problem by using, or even 
constructing, other variables to measure trade. However, even so, the use of these other 
trade variables has been criticised because they either mismeasure trade policy (Dollar, 
1992) or the trade policy variable is picking up other effect such as macroeconomic 
stability or regional dummies (Sachs and Warner, 1995), or because their results are not 
robust to alternative specifications (Edwards, 1998) (Rodriguez and Rodrik (1999)). 
Additionally, because there is not uniform measure of trade policy, cross-country studies 
can be misleading by general ising the impact of trade policies across countries, without 
taking into account the specific characteristics of each country (Nowak-Lenmann, 2000: 
13). 
The second strand of empirical literature on the relationship between international trade 
and growth consists of intra-country or case studies based either cross-sectoral, plant-
level, or aggregate time series analysis. Case studies have found a variety of channels 
through which international trade can impact on economic growth. The common channel 
used in most of these studies is the productivity gains channel. For instance, most sectoral 











substantial increases in productivity, arising from increased competition (Ferreira and 
Rossi, 2001 in Winters, 2004), the decline in margins and economies of scale (Kim, 
2000), the elimination of inefficient firms, cheaper intermediate inputs and increased 
competition from cheaper imports (Tybout and Westbrook, 1995). 
Sectoral and plant level case studies also allow for the examination of the assumption that 
exporting is the key to productivity gains and hence higher growth. These studies are 
based on the premise that exporting firms are found to be generally more productive than 
non-exporting firms, and the hypothesis to be examined in this regard is whether 
increased exports lead to higher productivity. Although some studies have found that 
exporting leads to higher productivity, some studies have shown that exporting either 
doesn't playa role in efficiency gains (for example, Arnold and Hussinger (2005)), or 
that the causations actually runs from higher efficiency to exporting, with more 
productive firms self-selecting into export markets (see for instance Bernard and Jensen, 
1999). However, some studies have shown that while self-selection may determine entry 
into the export market, exporting further enhances the productivity of these firms; see for 
instance Melitz (2003), Girma et al. (2004) and Biesbroeck (2005). 
The assumption that exporting IS the key to productivity gains has gained much 
popularity, as shown by the increase in the stock of empirical studies on the export-led 
growth (ELG) hypothesis. The popularity of the ELG hypothesis was inspired by the 
experience of East Asian economies, whose rapid growth has largely been attributed to 
their outward-oriented trade policies, reflected by their increased involvement in the 
export market. However, empirical investigation into the ELG hypothesis has resulted in 
mixed results. While some aggregate time series studies have found that exporting leads 
to higher economic growth, therefore providing support for the ELG hypothesis (for 
example, Ghatak et al. (1997) for the case of Malaysia; Abdulai and Jaquet (2002) for 
Cote d'Ivore; and Medina-Smith (2001) for the case of Costa Rica), some studies have 
found that the causal link runs in the opposite direction, where higher growth leads to an 
increase in aggregate exports. For instance, while Awokuse (2003) finds support for the 











that the causation actually ran from higher GOP to higher exports, implying that the ELG 
hypothesis does not hold for the case of Canada. 
From the above analysis, it can be seen that case studies have resulted in mixed results 
regarding the relationship between international trade and economic growth. Whiles 
some studies have highlighted the efficiency gains associated with international trade, 
and hence the positive impact of trade on economic growth, some studies have either 
found no role for international trade in productivity growth, while some have found that 
the causation actually runs from higher efficiency to increased trade. Furthermore, these 
studies have also highlighted that international trade can in fact have a negative impact on 
economic growth, for instance if local firms cannot compete in international markets. 
Although case studies have resulted in mixed results, it is argued that case studies provide 
a more appropriate approach of investigating the relationship between international trade 
and economic growth, by providing a theoretical framework to investigate this 
relationship (albeit through the indirect link of trade to growth through efficiency gains). 
Therefore, based on this, case studies have become more preferable than cross-country 
studies. However, analysis of some case studies has shown that some case studies also 
suffer from some empirical shortcomings highlighted in cross-country studies, such as 
measurement and endogeneity problems. The problem of endogeneity is particularly 
common in ELG hypothesis case studies. 
However, despite the shortcomings highlighted above, it is clear that, in the absence of 
conclusive theoretical models that capture the direct relationship between international 
trade and growth, case studies provide a more convincing basis of investigating this 
relationship. Therefore, while cognizance is given to some of the limitations of case 
studies, this study proposes to examine the relationship between trade and economic 
growth for the case of South Africa, given the absence of alternative and more conclusive 











The next section gives an overview of South Africa's trade policy, trade development and 
economic growth. The aim of the section is to examine how South Africa's trade policy 
has evolved since the political transition in the early 1990s. More specifically, this 
sections examines whether South Africa has become more open to international trade, by 
reviewing some empirical studies that have examined this and by looking at simple 
measures of trade openness to give an indication of this. The analysis shows that South 
Africa has become more open to international trade, even though the extent of 
liberalisation is still subject to empirical research. Given this, there has been a lot of 
empirical investigation on whether trade liberalisation has resulted in higher economic 
growth in South Africa. This empirical evidence is also presented in the next section. 
4. South African literature 
4.1 South African trade policy 
Both international and domestic political and economic factors have played an important 
role in South Africa's trade policy and trade development. As was mentioned earlier, 
economic self-sufficiency pervaded the developing world during the 1950s, 1960 and 
early 1970s. As such, a large number of developing countries implemented import 
substitution industrialisation (lSI) policies, based on a very limited degree of international 
openness. The rational behind the adoption of lSI policies by developing countries was 
based on the "infant industry argument". 
The infant industry argument for developing countries was based on two fundamental 
premises. Firstly, that 'a secular deterioration in the international price of raw materials 
and commodities would result, in the absence of industrialisation in the less developed 
countries, in an ever-growing widening of the gap between rich and poor countries, and 
secondly, that in order to industrialise, the smaller countries require (temporary) 
assistance in the form of protection to the newly emerging manufacturing sectors' 











Like many developing countries, after the Second World War, South Africa adopted the 
import substitution strategy, characterised by high tariffs and extensive import controls, 
including import quotas, in order to stimulate industrialisation. More specifically, in 
1944, a Board of Trade and Industries Act was passed, whereby high initial tariffs were 
introduced to establish new industries, with the intension to lower or abolish these tariffs 
as industries became strong enough to compete internationally (Muradzikwa et aI., 2004: 
295). 
From the mid-1960s, there was a growmg perception across the world that import 
substitution was no longer the driving force behind promoting industrial growth and as 
many countries started opening their markets to international trade in the 1970s, South 
Africa followed suite, by gradually shifting its trade policy towards export promotion. 
This led to the introduction of export subsidies to counter the anti-export bias of the 
import substitution industrialisation policy and to the relaxation of quantitative 
restrictions. An attempt at trade liberalisation continued into the 1980, and in 1985, trade 
liberalisation was further enhanced by the scrapping of the publication of a positive list, 
which specified the items that could be imported without permission, and the replacement 
of this with a negative list that included all the items that needed approval to be imported 
(Muradzikwa et aI., 2004: 304). 
An important factor to consider when evaluating South African trade policy is South 
African politics, which had an important influence on the country's trade development 
particularly since the 1970s. Opposition against the apartheid policies of the ruling 
National Party gained momentum in the 1970s and this had a major impact on the 
country's economic development. The 1973 Durban strikes, marked the intensification of 
opposition against the apartheid government since the Sharpsville massacre of March 
1960. The 1976 Soweto revolt, opposition against of the three-chamber parliamentary 
system in 1983, as well as the rejection of President P. W. Botha's Rubicon speech in 
1985, led to widespread unrest and marked the pinnacle of both internal and international 











Intemational opposition against South Africa led to the introduction of trade and financial 
sanctions against the South African govemment, and this led to a serious liquidity crunch 
as capital fled South Africa, leading to the balance of payment crisis. In order to maintain 
the balance of payment equilibrium (or to earn sufficient foreign exchange to repay 
foreign debt), South African trade policy was aimed at ensuring current account surpluses 
during the sanction period. This was primarily achieved through expenditure reduction 
policies in the fonn of high interest rates, and through the imposition of import permits. 
According to Belli et al. (1993), by the end of the 1980s, South Africa had the most tariff 
lines, most tariff rates, the widest range of tariffs, and the second highest level of 
dispersion among developing countries, therefore interrupting the progress that was made 
on trade liberaliation. 
The depressed stated of the economy during this period left manufacturers with rising 
unused capacity and saw manufacturers turning to export markets. In order to compensate 
manufacturers for the price disadvantage they faced in international markets, a number of 
export schemes were introduced in the 1980s. In 1990, these export schemes were 
consolidated into one scheme-the Generalized Export Incentive Scheme (GEIS)--'that 
provided a tax-free subsidy to exporters related to the value of exports, the degree of 
processing of the exported product, the extent of local content embodied in exports, and 
the degree of overvaluation of the exchange rate' (Jonsson and Subramania, 2001: 200). 
Trade liberalisation in the 1990s 
In response to the serious impact of trade and fiancial sanctions on the South African 
economy and mounting internal and external opposition towards the apartheid 
govemment, President F.W. de K\erk, who replaced President P. W. Botha in 1989, saw 
the need to address these issues by implementing some changes in the politics of the 
country. More specifically, in 1990 the African National Congress was unbanned, Nelson 
Mandela was released from prison, and negotiations for a democratic South Africa began 
and in 1994, South Africa held its fist democratic election, and a new govemment led the 











Following the political transition in 1994, a consultative process, involving government, 
labour and organised business, was undertaken to look at ways of transforming South 
Africa's economic policies. In particular, recognition of the limitation of the protectionist 
regime of the 1980s as well as the poor performance of primary commodities in 
international market, amongst other reasons, led to a formal process of trade policy 
reform. Therefore the reform of the South African trade policy gained momentum in the 
early 1990s when South Africa committed to both multilateral and unilateral trade 
liberalization policies. 
Multilateral trade liberalisation 
Between 1990 and 1994, trade liberalization largely took the form of eliminating the 
remaining import licensing procedures that were in place and reducing import tariffs. 
According to Jonsson and Subramanian (200 I: 201), the average tariff was reduced from 
28 percent to 16 percent while the import surcharge was eliminated and hence the sum of 
all charges was reduced from 34 percent to 16 percent. However, the commitment of 
South Africa to liberalise its trade policy was formalised in the 1995 Uruguay Round and 
South Africa's offer to the World Trade Organization (WTO) consisting of a five-year 
tariff reduction and rationalisation program. The offer aimed to: 
• 'Reduce the number of tariff lines (from over 13,000) at the six-digit harmonized 
code level by 15 percent in the first year and by 30 percent or higher by 1999; 
• Convert all quantitative restrictions (QRs) on agricultural imports to bound 
advalorem rates; lower all bound agricultural tariffs by 21 percent on average; and 
reduce export subsidies by 36 percent; 
• Increase the number of bindings on industrial products from 55 percent to 98 
percent by 1999; replace formula duties with tariffs: and reduce the number of 
tariff rates to six (0 percent, 5 percent, 10 percent, 15 percent, 20 percent, and 30 












• Liberalise the sensitive industries over an 8-year period; and 
• Phase out the GElS by 1997' (Jonsson and Subramanian, 200 I: 203). 
Jonsson and Subramanian (2001: 203) reported that 'during 1990-1998, liberalisation of 
the trade regime for manufacturing products resulted in: the elimination of the few 
qualitative restrictions that remained; reduction in the average tariff (including all 
charges) from 34 percent in 1990 to 10 percent in 1998; considerable variation in tariff 
cuts across sectors; and simplification of the tariff regime'. In addition, the GElS was 
fully abolished in 1997. 
Unilateral trade liberalisation 
In 1994, the government also announced a schedule of unilateral trade liberalisation 
expiring in 1999 that went beyond the Uruguay Round commitments. According to 
Jonsson and Subramanian (2001: 201), 'South Africa's average (import-weighted) tariffs 
in manufacturing declined from 16 percent in 1994 to 10 percent in 1998. Furthermore, 
the tariff regime has been rationalised, with the number of lines reduced from over 
13,000 in 1990 to about 7,900 in 1998, and the number of tariff bands reduced from over 
200 to about 72'. 
Jonsson and Subramanian (2001: 201) also reported that the tariff regime was simplified, 
with the number of lines carrying formula duties declining from 1,900 in 1993 to 28 in 
1997, and the number of lines facing specific tariffs falling from 500 to 227. 
Furthermore, Jonsson and Subramanian (2001: 201) reported that by 2001, 'the average 
(import-weighted) tariff was below the level committed by South Africa in the WTO by 
more than 5 percentage points, although there were considerable variations in tariffs 
across sectors'. Furthermore, in 2001, almost all the quantitative restrictions were 












In addition to unilateral and multilateral liberalisation, South Africa has also made 
significant progress towards strengthening bilateral ties with some of its main trading 
partners. For example, in 1996 South Africa entered into a trade agreement with countries 
in the Southern African Development Community (SADC) region, in the form of the 
SADC Free Trade Protocol. In 2000 South Africa entered into another free trade 
agreement with the European Union, referred to as the South Africa-European Union 
Trade, Development and Corporation Agreement (TDCA). Also in 2000, South Africa 
gained preferential access to the United States for some products under the African 
Growth and Opportunity Act (AGOA), and in 2004 South Africa signed a Preferential 
Trade Agreement with SACU and MERCOUR (Edwards, 2006, p3). 
The above analysis suggests that South Africa has made considerable progress in terms of 
liberalising its trade, as shown by the elimination of almost all quantitative restrictions 
and the significant rationalisation and the simplification of tariffs. However, despite this, 
there is still much debate as to whether the South African trade policy has been 
liberalised. While researchers agree that progress has been made in lowering the level of 
nominal protection, there is still debate around whether the level of effective protection 
has actually declined. 
For example, while Fedderke and Vase (2001) argue that 'more of South Africa's output 
was protected in 1998 than in 1988', Rangasamy and Harmse (2003) disputed this 
argument, stating that', .. to argue that more of South Africa's output has been subject to 
increased levels of protection during the 1990s is not only incorrect but also a 
misrepresentation of facts'. A recent study by Edwards (2006) which examines whether 
South Africa has liberalised its trade reported that South Africa has made significant 
progress in simplifYing the tariff schedule and reducing tariff protection. However 
Edwards (2006) argues that further progress can be made in removing tariff peaks, 
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reaction to a decline in the relative prices of imported goods, and the execution of 
previously postponed aircraft purchases by South African Airways. The increased 
importance of non-traditional manufactured exports which required more intermediate 
imports than traditional imports also contributed to the rise in the level of imports in the 
1990s (Mohr, 2003: 382). 
Export volumes on the other hand stagnated in the 1960s due to the export-bias that 
prevailed during that period. However, exports grew steadily during the 1970s, as South 
Africa shifted towards export promotion during that period. However, from the late 1970s 
to the mid-1980s, exports stagnated as a result of the imposition of sanctions on South 
African exports as well as a decline in primary sector exports, particularly gold. From the 
late 1980s and early 1990s, export growth was achieved, spurred by the depreciation in 
the currency and the introduction of export subsidies provided under the General Export 
Incentive Scheme (GElS). 
From 1994, export levels grew even faster, following the undertaking by government to 
liberalise the South African trade regime. Some specific factors that influenced the strong 
performance of exports in the 1990s include: the generally strong world economy and the 
concomitant growth in world trade, fostered by the international trend towards trade 
liberalisation; a change in attitude of South African manufacturers towards exports, also 
responding to trade policy initiatives; the opening up of new, non-traditional markets as 
trade sanctions were lifted (for example in Africa) and the rapid expansion of these 
markets compared to the economies of South Africa's traditional trading partners; as well 
as the various trade agreement entered into by South Africa. The decline in the nominal 
(sometimes real) effective exchange rate of the rand during the period as well as the 
introduction of the Motor Industry Development Scheme (MIDP) during the second half 
of the 1990 also contributed to the growth in exports (Mohr, 2003: 380-381). 
The above analysis shows that the democratic transition of South Africa in 1994 led to an 
increase in the integration of the South African economy into the global arena. More 











has led to South Africa becoming more open to international trade. A review of South 
Africa's growth performance reveals a similar pattern to that displayed by South Africa's 
trade performance. 
Table 1: GDP and GDP per capita growth rates 
GOP GOP per capita 
1960 3.0 0.5 
1965 6.1 3.2 
1970 5.3 2.5 
--
1975 1.7 -0.6 
1980 6.6 4.2 
1985 -12 -3.4 
1990 -0.3 -2.4 
1995 3.1 1.0 
2000 4.2 2 I 
2006 5.0 3.6 
1960-1974 5.1 2.4 
1975-1984 2.6 0.2 
1985-1994 0.8 -1.3 
1995-2006 3.5 1.6 
2000-2006 4.1 2.4 
Source: SARB 
Table 1 above shows the growth in South Africa's GOP and GOP per capita since 1960. 
Table 1 shows that GOP growth fell from an average of 5.1 percent during the period 
1960-1974 to an average of only 0.8 percent during the period 1985-1994. During the 
same period, GOP per capita growth fell from an average of 2.4 percent to a negative 
growth rate of 1.3 percent. The period after the end of apartheid saw an improvement in 
both GOP and GOP growth per capita, which averaged 3.5 percent and 1.6 percent 
respectively between 1995 and 2006. More specifically, between 2000 and 2006, GOP 
and GOP growth per capita averaged an improved 4.1 percent and 2.4 percent 
respectively, and from 2004 to 2006, annual GOP has been growing at 5 percent while 
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literature on the impact of international trade on economic growth In South Africa is 
given below. 
4.3 South African empirical literature 
This section gives a review of three prominent studies that investigate the relationship 
between trade and growth in South Africa. First, a study by Jonsson and Subramanian 
(2001) uses both cross-section and aggregate time series analysis to examine the 
relationship between trade and total factor productivity in South Africa. The cross section 
analysis in this study is based on pooled data for the years 1990-1994 and 1994-1998 for 
24 manufacturing industries. TFP was calculated as the difference between growth in real 
value added and real factor accumulation in each sector, while the trade policy variable 
was calculated as the sum of all import charges (tariff and import surcharges) for each 
sector. Therefore the cross section analysis of this study investigates the impact of the 
change In tariffs on total factor productivity, where the change in tariffs reflects the 
change In domestic prices resulting from the reduction in tariffs. The results of this 
analysis show that the improvement in productivity in the various sectors was explained 
by the reduction in nominal tariffs in those sectors. 
The time series analysis on the relationship between TFP and trade on a macro level was 
done for the period 1971 to 1997. TFP was derived as a residual of the aggregate 
production function, while and the trade variable used in this analysis is the ratio of the 
sum of real imports and real exports to real GOP. Also included in the time series 
analysis is the share of machinery and equipment investment in total investment as a 
proxy for technology, arising from R&D. The assumption here is that 'since South Africa 
does not undertake significant amount of R&D activity, the bulk of the R&D is expected 
to be embodied in capital and equipment, especially imported from abroad and looking at 
total investment in machinery and equipment implicitly aggregates R&D undertaken in 
South Africa and abroad and assumes that the two have similar effects on TFP' (Jonsson 











The results of their time series analysis also shows increased productivity associated with 
an increase in trade. Specifically, they find a positive long-run relationship among TFP, 
degree of openness, and the proxy for technology. Their results suggest that a 10 
percentage point increase in openness is associated with an increase in TFP by 5 percent 
in the long run. More importantly, their results seem to suggest that the causal 
relationship runs from trade openness to TFP. 
The second study, by Arora and Bhundia (2003), examines potential output and sources 
of growth in post-apartheid South Africa, using time series techniques and a conventional 
production function approach. Like Jonsson and Subramania (2001), Arora and Bhundia 
(2003) derive TFP as a residual from the production function. Their growth accounting 
results, suggest that the significant increase in real GDP growth after 1994 reflected a 
significant increase in TFP growth rather than factor accumulation. This finding is in line 
with the findings of other studies (IMF (1998) and du Plesis and Smit (2006)), which also 
found that the improvement in TFP growth in the early 1990s contributed to the 
improvement in growth performance. Arora and Bhundia (2003) go a step further by 
investigating factors that have contributed towards the improvement in TFP growth. 
Increased trade (as measure by the trade as a share of GOP) and private investment in 
machinery and equipment as a share of total investment were found to be statistically 
significant and positive factors of TFP growth, and the results also suggested that the 
direction of causality ran from there factors to TFP growth. 
The third study, by Harding and Rattso (2005) suggests a different approach, a barrier 
gro\\1h model, in examining the factors of productivity growth in South African 
manufacturing industries between 1970 and 2003. The barrier growth model is based on 
the premise that 'all countries can benefit from growth of the world technology frontier, 
but in different degrees due to barriers to international spillovers' (Harding and Rattso, 
2005: 19). According to Harding and Rattso (2005: 16), the model 'implies a long-run 
relationship between country productivity and the world technology frontier and that 
changing barriers can add transitional growth'. Their world techno logy frontier is 











openness and trade policy as measures of barriers to world technology. Harding and 
Rattso (2005) follow the conventional procedure of estimating TFP as a residual from the 
production function. 
Using the share of foreign trade to GDP as measure of openness, Harding and Rattso 
(2005), find a positive relationship between trade openness and TFP growth in South 
Africa during the period under study. However, unlike Jonsson and Subramanian (2001) 
who find that foreign trade explains 90 percent of TFP growth between 1970 and 1997, 
Harding and Rattso (2005) find that, although foreign trade is significantly important 
over the entire period under study, it does not explain much of the TFP growth over the 
whole period. On the other hand, Harding and Rattso (2005) found that the reduction in 
trade barriers, calculated on the basis of import tax revenues, explains about a third of the 
grO\vth of TFP between 1970 and 2003, and separating this into different sub-periods, 
they find that reduction in tariffs explains most of the rise in productivity in the pre-
sanction period and about 70 percent in the post-sanction period. 
There are two broad conclusions that can be made from the above review of South 
African empirical literature. First, TFP growth was found to have improved in the early 
1990s, and that this improvement in TFP growth explains much of the improvement in 
economic growth after the transition period. Secondly, the studies find a positive 
relationship between increased trade and TFP growth. In the next section, this study 
attempts to extend and contribute to the existing empirical literature on trade and 
economic growth in South Africa. 
5. Empirical investigation 
This study attempts to make a contribution to the existing literature on relationship 
between international trade and economic growth in South Africa in two ways. First the 
study extends the analysis period to 2005 and secondly the study replicates an approach 











in Long and Wong (1997). Specifically, this study attempts to investigate the relationship 
between trade and economic growth in South Africa, for the period 1970 to 2005. 
5.1 Theoretical framework 
This section presents the theoretical framework that will be used to estimate the 
relationship between trade and economic growth in South Africa. The theoretical 
framework is based on the endogenous growth theory, where technological progress is 
determined endogenously in the model. First, it is assumed that the South African 
economy can be represented by a one-sector model in which a homogenous product is 
produced. This assumption implies that issues related to resource allocation between 
sectors, and horizontal and/or vertical innovations are not considered (Lin and Wong, 
1997: 4). There is large number of competitive firms, employing capital and labour, to 
produce the good. International trade and physical movement exists between South 
Africa and other countries and the economy is completely specialised, exporting the good 
it produces and importing other goods. Therefore even though only one good is produced 
in the economy, the residents may consume more than one commodity (Lin and Wong, 
1997: 4). 
The sectoral production function of the economy is given by: 
Y = AF(K,L) (1) 
where Y is aggregate output, A is technological progress (or TFP), K is capital input, and 
L is labour input. Time sub-indices are dropped for simplicity. Output per worker is 
defined as y == Y /L, therefore (1) can be written as: 











Following Lin and Wong (1997), growth in output per capita can be expressed as2: 
(3) 
where "hat" denotes the growth rate of a variable, for example ~~I == d10gy/y and &K is the 
elasticity of function F(.,.) with respect to K and &L is the elasticity with respect to L. If 
the ratio of capital to worker is defined as k == K1L, then (3) can be written as: 
(4) 
which states that output growth is detennined by growth in technology (in a Hicks neutral 
" " 
sense), A , the growth in capital per worker k, and the growth ofthe working popu lation 
L . Determining the factors of output growth req uires estimation of the coefficients in (4). 
However, the problem with direct estimation of equation (4) is that TFP (A) is not 
observable. In this study, instead of using the residual based method of TFP, this study 
includes the determinants of TFP in the production function, based on endogenous theory 
and evidence. 
As was highlighted in endogenous growth literature reviewed above, endogenous growth 
theory and evidence suggest that several factors can contribute to TFP growth. Factors 
that have been identified in these models include, technology arising from R&D (Romer, 
2001), FDI (Coe, Helpman, and Hoffmaister, 1997) and international trade, through the 
absorption of technology embodied in imported capital goods (Grossman and Helpman, 
1991), and through increased competition (Romer, 1991, Chang et aI., 2005). 
The TFP input (A) is therefore given by the following function: 
A == g(R, D, T) (5) 











Substituting (5) into (1) and using the same procedure as above, equation (4) above can 
be extended into the following function 3: 
where is (lj the elasticity offunction g(.,.) with respect to variable j,j = R,D, T and (i is the 
elasticity of function F(.,.) with respect to i, i = K,L. The formulation in (6) highlights the 
factors of growth in per capita output, which are the growth in the capital-worker ratio 
, , 
(k ), growth of the working population (L) and the growth in TFP, determined directly 
by the growth in R&D (R), the growth in FDI (b) and the growth in trade (f). 
Determining the factors of growth requires estimation of the coefficients in (6), which is 
undertaken in the next section. 
5.2 Estimation of the model 
This section determines the factors of output growth, by estimating equation (6). 
Equation (6) is estimated using annual data for the period 1970-2005. Time series data on 
R&D in South Africa are not easily available therefore, following Jonsson and 
Subramania (2001), this study uses the share of investment in equipment and machinery 
in total investment as a proxy for technology arising from R&D. The model uses two 
measures of international trade, trade openness (calculated as the ratio of the sum of real 
imports and exports to real GOP) and trade policy (using data from Edwards (2006) and 
estimated as the ratio of the sum of custom duties and surcharges to merchandise 
imports). 
Data on FDI liabilities, which shows the investment by foreigners in the South African 
economy, is available in official publications. However, the FDI data cannot be included 
in the estimation due to missing values in the FDI data series. Arora and Bhundia (2003) 











suggest that more competition can also be associated with a larger share of the private 
sector in economic activity, which would contribute to increasing productivity. 
Therefore, following Arora and Bhundia (2005), data on private investment as a share of 
total investment is used to capture this effect. Description of the variables used in the 
estimation and the data sources is given in Table 2. 
Table 2. Variables and descriptions 
Variables Descriptions 
DLYI Gross domestic product (GDP) per worker 
DLKI Fixed capital stock per worker 
DLL Employment in the non-agricultural sector 
DLMEI 
Share of investment in machinery and equipment in gross fixed 
capital formation (GFCF) 
DLPII Share of private sector investment in GFCF 
DLOPEN Ratio of the sum of exports and import to GDP 
DLTARIFFS Ratio of custom duties (inel. surcharges) to merchandise imports 
All the data (excl Tanffs) are obtained from the Quarterly Bulletin (June 2007) of the South Afncan Reserve Bank 
The data are seasonalh adjusted and annualised and are in constant 2000 prices. 
Tariffs data are obtained from Edwards (2006) 
All the vanables are expressed In logarithms (denoted by L) 
o denotes the grow1h rate (i e. first difference) of the variable 
Time senes estimation by ordinary least squares requires that the time series data be 
stationary. A time series is said to be stationary if it's mean, it's variance, and its 
autocovariance remain constant over time. This implies that a stationary time series will 
tend to revert to its mean and fluctuations around this mean (measured by its variance) 
will have a broadly constant amplitude. If a time series is not stationary as just defined, it 
is said to be nonstationary (Gujarati, 2003: 797-799). An example of a nonstationary time 













which states that some dependant variable Y at time t, is influenced by its lag and a 
random shock. Many economic and financial time series behave in this manner, e.g., 
asset prices and exchange rates. Furthermore, a random walk process is also an example 
of what is known as a unit root. A random walk process such as (7) is said to have unit 
root if p =1, which which case the Y will be nonstationary. The terms nonstationary, 
random walk, and unit root are often treated as synonymous (Gujarati, 2003: 802). 
Estimation using nonstationary time series may result in spurious regression. Spurious 
regression refers to a situation in which a relationship is found between the variables, 
when none exists. The results of such estimation are therefore meaningless and test 
statistics (t, F, R2 and OW) are invalid. In particular, spurious regressions produce results 
that are characterised by high levels of R2, which suggest an existence of a statistically 
significant relationship among the variables, and the Durban Watson (OW) statistics from 
these regressions tend to be very low. 
To avoid the problem of spurious regressIOns when conducting regressIOns among 
nonstationary time series, the time series has to be transformed to make them stationary. 
A conventional method used to transform time series date is to difference the data. A time 
series, say X\, is said to be integrated of order d if, after differencing it d times, it 
becomes stationary, denoted as X ~ I(d). This study uses the ordinary least square (OLS) 
technique to estimate equation (6), conditional on the data being stationary in first 
differences. 
Testing for stationarity 
The first step in testing whether the variable in the model are stationary is through a 
graphical inspection of the data. For this purpose, all the variables are examined through 
a graphical inspection of their plots. An inspection of the plots of the variables in levels 
shows that all the series are linearly trended and, given that each variable seems to have a 
non-constant mean, it appears from the graphs that they are not stationary in levels. To 











plots of these variables show no evidence of trend in the data. This would suggest that the 
data are stationary in their first differences, implying that the data is integrated at an order 
of 1, denoted I( I). 
However, although graphical evidence is useful as a first approximation to examine 
whether the variables are nonstationary, it is important to perform formal testing 
procedures in order to make more accurate inferences about the stationarity of the data. 
The first formal test is an examination of the plot of the autocorrelation functions (ACFs) 
of the variables, presented in a correlogram. The ACFs of all the variables in levels start 
high (at a value close to one) and decline very slowly as the lag length increases, 
indicating that the series are stationary in levels. The ACFs of all the first differenced 
data on the other hand also start a high value, but decline rapidly towards zero, 
confirming that the first differenced data is stationary. 
Another more formal method of testing whether the time series are non stationary is the 
Augmented Dickey-Fuller test. The results of the ADF test are presented in Table 3. The 
lag order of the ADF tests were determined by choosing the highest positive values the 
Akaike Information Criteria (AIC), the Schwarz Bayesian Criteria (SBC), and the 
Hannan-Quinn Criteria (HQc). Following common practice in applied econometrics, two 
lags were included in the ADF test of the annual data. The results of the ADF tests for the 
series corroborate the findings from the graphical examinations and the correlograms. 
The results of the ADF tests show that all the time series in levels are nonstationary and 
are integrated of order 1, i.e. 1(1) at the 95 percent confidence level. They have a 
stochastic trend and they indicate that the null hypothesis of unit root cannot be rejected 
for all the variables. When taking first differences of the data, the ADF tests reject unit 
root for all the series, indicating that the first differenced series are integrated of order 0, 











Table 3. ADF test statistics for individual series 
Table 3a. Variables in levels' 
Variables lag order t-stats 
LYI 1 -2.5856 
LKI I -1.5275 
LL I -2.4544 
LMEI 1 -1.7229 
LPII 1 -2.5807 
LOPEN 1 -1.6048 
LTARIFFS 2 -1.5662 
9S O/0 critical value for the augmented Dickey-Fuller statistic ~ -3.5S14 
Table 3b. Variables in first differencesb 
Variables lag order t-stats 
DLYI 1 -3.7473 
DLKI I -2.9836 
DLL I -3.0546 
DLMEI 0 -3.9111 
DLPII I -4.6108 
DLOPEN 0 -3.5904 
DLTARIFFS 1 -5.1449 
9S~0 cnl1cal value for the augmented Dickey-Fuller statistic ~ -2.9558 
a The tests include a constant (intercept) and a (linear) trend 
'The test include a constant (intercept) but not a trend 
The sample IS from 1970Q I to 200SQ4 
5.3 Estimation results 
The above tests showed that the time series are stationary in their first differences. This 
sections applies OLS estimation using the first differenced time series. The following 
estimation therefore attempts to investigate whether there is a relationship between trade 
liberalisation and growth of GOP per worker, by estimating equation (6) using annual 
data for the period 1970-2005. For policy implications, it is preferable to measure trade 
liberalisation using a variable that reflects policy stance (i.e. tariffs), rather than the 











latter has been widely used, both measures will be included in the estimation (separately), 
in order to compare the findings to those of previous studies. 
In estimating equation (6), two models were run; each including a different measure of 
trade (TARIFFS and OPEN). Each model was initially estimated with all the variables 
included (OLK1, OLL, OLPI1, OLMEI and OLOPEN or OLTARIFFS). In the first 
model including LOPEN, the coefficient of OLMEI was not significant and the 
diagnostic test showed that there was a problem of autocorrelation in the model. The plot 
of the residuals from this model revealed that there was a structural break in the data in 
1992, possibly reflecting the end of the sanction period. A structural dummy variable 
01992 was included in the model and was found to be highly significant and the 
inclusion of this dummy dealt with the problem of autocorrelation. However, OLME 1 
was still not significant. 
The plot of the employment series (L) shows that there could be a big structural break in 
2002, and this is also reflected in the GOP per worker and capital per worker series. This 
break in the employment series reflects the fact that the employment survey was changed 
during 2002 (in the third quarter). An intercept dummy variable 02002 was created for 
2002 to capture this structural break in the employment series. 02002 was not significant, 
and as a result a slope dummy variable (the dummy variable multiplied by the labour data 
series, OS2002) was included in the model. The employment slope dummy variable was 
also not significant. As a result the employment dummy variables as well as OLMEI was 
excluded from the model and the final results of the model with OLOPEN are presented 
in Table 4. 
The results of the model in Table 4 show that the coefficients of the variables are all 
significant and have the correct signs. This implies that the growth rate of capital per 
worker, labour, private sector investment and the growth in trade openness were 












Table 4. Ordinary Least Squares Estimation (DLOPEN) 
Dependent variable is DLYI 
34 observations 
Sample 1972 2005 
Regressor Coefficient Standard Error T-Ratio [Probl 
C 0.0064430 0.0048581 1.3262[.195] 
DLK1 0.54178 0.15190 3.5667[.001]* 
DLL -0.30181 0.14985 -2.0141[.054]*** 
DLPII 0.14318 0.066564 2.15\0[.040]** 
DLOPEN 0.30387 0.062040 4.8980[.000]* 
DI992 -0.054456 0.015386 -3.5394[.001]* 
Basic Statistics 
R- 0.89519 Mean of Dependent Variable 0.0062862 
Adjusted W 0.87647 S.D. of Dependent Variable 0.041209 
S.E. of Regression 0.014483 Equation Log-likelihood 99.0384 
F-stat. 7.8299[.000 ] Akaike Info. Criterion 93.0384 
DW-statistie 1.7735 Schwarz Bayesian Criterion 






* Indicates significant atthc I % level 
** indicates significant at the 5% level .*. Indicates 5ignificant at the 10% level 
Diagnostic Test 
LM Version F Version 
0.46029[.497] 0.3 7054[ .548] 
0.96577[.326] O. 78936[ .382] 
0.76924[.681] Not applicable 
0.70786[.400] 0.68038[.416] 
88.4593 
Furthennore, the results in table 4 suggest that if the growth rate of capital per worker 
increases by 1 percent, on average, the growth rate of output per worker will increase by 
0.54178 percent. Similarly, if the growth rate of employment goes up by 1 percent, the 
growth rate of output per worker will on average decline by -0.30181 percent. This 
implies that the production function has diminishing returns to labour. Furthermore, a 1 











increase of 0.14318 percent in the growth rate of output per worker. Similarly, an 
increase of I percent in the growth rate of trade openness (i.e. trade liberalisation) is 
associated with a 0.30387 percent increase in the growth rate of output per worker. 
In general the model is a good fit, indicated by the highly significant F-statistic and the 
high value of the R2 and adjusted R2. The R2 suggest that the regression model is able to 
explain about 90 percent of the variability in the rate growth rate of output per worker. 
The high value of the Durban-Watson statistic confirms that there is no autocorrelation in 
the residuals. This is also confirmed by the diagnostic tests, which indicate that there is 
no autocorrelation, The diagnostic tests also show that there is no heteroscedasticity in 
the error terms, and that the model is correctly specified. 
The above results confirms that trade liberalisation, as measured by the growth rate in the 
level of foreign trade, is very significant in explaining the change in the growth rate of 
capital per worker, through it impact on productivity, during the period 1970-2005. 
However, as was highlighted earlier, there could be a problem of endogeneity in the 
model because the foreign trade variables (exports and imports) are endogenous in the 
growth model, which makes it difficult to determine the direction of causality between 
trade liberalisation and growth in output per worker. To try to overcome this problem, a 
second model was run with the lagged value of the trade variable. The results of this 
model are presented in Table 5 below. 
The coefficients of the variables are all significant and have the correct signs in this 
model. More specifically, the regression model suggests that the lag of the growth rate of 
foreign trade was a significant factor of the growth rate in output per worker during the 
period 1970-2005. In particular, a 1 percent increase in the growth rate of the lagged 
value of foreign trade is associated with an average increase of 0.15778 percent in output 
per worker in the current period. This implies that trade liberalisation has a lagged impact 
on the growth rate of output per worker, and from this it can be inferred that direction of 











Table 5. Ordinary Least Squares Estimation (DLOPEN (-1» 
Dependent variable is DLYI 
34 observations 
Sample 1972 2005 
Regressor Coefficient Standard Error T-Ratio [Probl 
C 0.0093503 0.0063614 1.4699[.153] 
DLKI 0.36600 0.18952 1.9312[.064]** 
DLt -0.44252 0.19218 -2.3027[.029]** 
DLPII 0.24652 0.089910 2.7419[.011]** 
DLOPEN(-I) 0.15778 0.076309 2.0677[.048]** 
DI992 -0.038086 0.019131 -1.9908[.056]*** 
Basic Statistics 
R= 0.83117 Mean of Dependent Variable 0.0062862 
Adjusted R- 0.80102 S.D. of Dependent Variable 0.041209 
S.L of Regression 0.018382 Equation Log-likelihood 90.9335 
F-stat. 27.5689[.000] Akaike Info. Criterion 84.9335 
DW-statistie 1.7785 Schwarz Bayesian Criterion 






• indicates Significant at the I % level 
•• indIcates slgmficant at the 5°" level 
••• indIcates slgmficant at the I O~O level 
Diagnostic Test 
LM Version F Version 
0.53089[ .466] .42828[.518] 
1.4898[ .222] 1.2373[.276] 
.75829[.684] Not applicable 
1.2979[.255J 1.2700[.268] 
80.3544 
Table 6 below presents the results of the results of the regression model usmg 
OL T ARlFFS as the trade variable. The model was initially estimated with all the 
explanatory variables included, however, DLMEI was not significant. The labour 
dummy variables, D2002 and DS2002, as well as D 1992 were also included in the model 
but D2002 and DS2002 were not significant while 01992 was highly significant. 











coefficient of the capital per worker variable was not significant. The plot of the residuals 
showed that there were outliers in 1983 and 1991, and an inclusion of dummy variables 
for these periods (01983 and 01991), corrected the functional form and OLK 1 was also 
significant. 
Table 6. Ordinary Least Squares Estimation (DLTARIFFS) 
Dependent variable is DL Y I 
33 observations 
Sample 1973 2005 
Regressor Coefficien t Standard Error T-Ratio [Prob] 
C 0.016752 0.0049768 3.3661[.002J* 
DLKI 0.26110 0.15260 1.7110[.099]*** 
--
OLio -0.61825 0.15087 -4.0979[.000]* 
DLPII 0.20375 0.072878 2.7958[.010]* 
DLTARIFFS -0.041642 0.013794 -3.0188[.006]* 
01992 -0.045284 0.016085 -2.8154[.009]* 
01983 -0.051748 0.015887 -3.2572[.003 J* 
01991 -0.037286 0.016122 -2.3127[.029]** 
Basic Statistics 
RC 0.89446 Mean of Dependent Variable 0.0064159 
Adjusted R- 0.86491 S.D. of Dependent Variable 0.041841 
ST.·of Regression 0.015378 Equation Log-likelihood 95.5239 
F-stat. 30.2680[.000J Akaike Info. Criterion 87.5239 
OW -statistic 1.7014 Schwarz Bayesian Criterion 81.5378 







• indicates significant at the 1 ~o level 
•• Indicates significant at the 5~0 level 
* •• indicates significant at the 100 0 level 
.-
Diagnostic Test 
LM Version F Version 
0.28201 [.595] 0.20687[ .653] 
2.5913[.107] 2.0452[.166) 
0.10604[.948] Not applicable 











The results in table 6 show that the regression model with OL TARIFFS is a good fit. The 
F-statistic is highly significant and the R2 and adjusted R2 are very high. The R2 suggests 
that the regression model can explain about 89 percent of the variability in the growth 
rate of output per worker during the period 1970-2005. The diagnostic tests also show 
that the model is correctly specified, and there is no homoscedasticity or autocorrelation 
in the error terms. 
Furthermore, the coefficients of the variables in the regression model in Table 6 are all 
significant and have the correct signs. This implies that the growth rate of capital per 
worker, labour, private sector investment, as well as the growth rate of tariffs were 
significant in explaining the change in the growth rate of output per worker during the 
period 1970-2005. More specificalIy, the results of the model show diminishing returns 
of output per worker to labour and the OL T ARI FFS coefficient is negative, implying that 
the a I percent increase in the growth rate of tariffs is associated with a 0.041642 decline 
in output per worker. This implies that trade liberalisation, through the reduction 111 
tariffs, is associated with an increase in the growth rate of output per worker. 
In conclusion, the estimation results show that trade liberalisation, both in terms of the 
change in the growth rate of foreign trade (ratio of imports and exports to GOP) and trade 
policy (change in trade barriers), is a significant factor explaining the change in the 
growth rate of capital per worker, through its impact on productivity, during the period 
1970-2005. These results imply that the there is a positive relationship between the 
growth in trade and the growth in output, implying that trade liberalisation can have a 
long run growth impact on output. It should be noted that, due to the data limitations, this 
analysis does examine the impact of trade liberalisation on the level of GOP and therefore 
this study cannot make a conclusion about the impact of trade liberalisation on the steady 
state level of GOP. 
Similarly, the results of the analysis show that the growth rate of private sector 
investment (as a share of total investment) is also significant in explaining the change in 











growth rate of R&D (proxied by the share of investment in machinery and equipment in 
total investment) was not found to be a significant factor of the change in the growth rate 
of output per worker during the period under review. However, it should be noted that 
this does not necessarily imply that R&D is not a significant factor of growth; instead it 
could mean that the share of investment in machinery and equipment in total investment 
is not an appropriate proxy for technology. 
6. Conclusion 
This paper has gIven an overvIew of the literature on economic growth, and paying 
particular attention on the relationship between international trade and economic growth. 
What emerged from this overview is that both theoretical and empirical studies have 
yielded mixed results on this relationship. The study also highlighted some empirical 
shortcomings involved in the analysis of the relationship between international trade and 
economic growth. Another important shortcoming that was identified is that theoretical 
models still fall short of explaining a direct channel through which international trade and 
economic growth are related. As a result, economic theorists have developed theoretical 
models to investigate the relationship between international trade and economic growth, 
through the indirect channel of productivity gains, believed to be associated with higher 
international trade and most studies have used this indirect channel to undertake 
empirical investigation on this relationship. 
This paper has attempted to extend the investigation into the trade-growth literature for 
the case of South Africa, usmg endogenous theory and using the productivity gains 
channel of international trade on growth. Before embarking in the empirical 
investigation, this paper gives a review of the South African trade policy and trade 
development as well as a review of the existing empirical literature on the relationship 
between international trade an economic growth in South Africa. The main conclusion 
from this analysis is that South Africa has made significant strides in liberalising it's 











in TFP growth since South Africa's democratic transition. This increased productivity it 
also said to have contributed to the improvement in GOP growth since the 1990s. 
The results of the empirical investigation ofthis study seem to corroborate the findings of 
the existing studies, in that trade liberalisation is found to have contributed to the growth 
in GOP during the period 1970-2005. The results of the study suggest that trade 
liberalisation has a positive effect on the long-run growth rate of output per worker. 
Although the direction of causality was not explicitly determined in the estimation 
models, an inclusion of a lagged variable of the foreign trade variable implies that the 
causality could run from trade liberalisation to economic growth. This results also 
suggest that the government should continue to adopt policies that are geared towards 
further increasing South Africa's foreign trade and further liberalising South Africa's 
trade policies. 
Lastly, private investment (as a share of total investment) was also found to be a highly 
significant factor of TFP and hence output growth between 1970 and 2005. The 
government's new macroeconomic policy, the Accelerated and Shared Growth Initiative 
of South African (ASGI-SA), identifies a number of binding constraints to achieving 
sustainable economic growth in South Africa. These are: 1) the overvaluation and 
volatility of the South African currency; 2) an inadequate national infrastructure; 3) a 
shortage of skilled labour; 4) barriers to entry, limits to competition and limited new 
investment opportunities; 5) a cumbersome regulatory environment and 6) deficiencies in 
state organisation, capacity and leadership. These constraints are to be tackled through 
several policy initiatives, including 1) infrastructure investment, 2) key sector investment 
and promotion strategies; 3) education and skills interventions; 4) bridging the gap 
between the formal and informal sector; 5) improving public administration. 
The binding constraints identified under ASGI-SA and the policy initiatives to tackle 
these constraints (such as infrastructure spending, skills training, key sector promotion, 
and second economy interventions) are more in line with promoting and encouraging an 











this paper where private sector investment was found to be a significant factor of 
economic growth, implying that the ASGI-SA is an appropriate strategy in trying to 












Abdulai, A., and Jaquet, P. 2002. "Exports and Economic Growth: Co integration and 
Causality Evidence for Cote d'Ivoire", African Development Review, Vol. 14, No.1, pp. 
1-17. 
Abou-Stait, F. 2005. "Are Exports the Engine of Economic Growth? An Application of 
Cointegration and Causality Analysis for Egypt, 1977-2003", Economic Research 
Working Paper No. 76, African Development Bank. 
Afonso, O. 2001. "The Impact of International Trade on Economic Growth", Working 
Paper No.1 06, Faculty of Economics, University of Porto. 
Alam, S. 1991. "Trade Orientation and Macroeconomic Performance in LDCs: An 
Empirical Study", Economic Development and Cultural Change, Vol. 39, No.4, pp. 839-
848. 
Arnold, J. and Hussinger K. 2005. "Export Behavior and Firm Productivity in German 
Manufacturing: A Firm-Level Analysis", Review o/World Economics, Vol. 141, No.2, 
pp.219-243. 
Arora, V., and Bhundia, A. 2003. "Potential Output and Total Factor Productivity Growth 
in Post-Apartheid South Africa", IMF Working Paper WP/031178, International 
Monetary Fund, Washington, D.C. 
Arora., V. 2006. "Economic Growth in Post-Apartheid South Africa: A Growth 
Accounting Analysis. Chapter 2 in "Post Apartheid South Africa: The First Ten Years" 
International Monetary Fund, Washington, D.C. 
Awokuse, T., 2003. "Is Export-Led Growth Hypothesis Valid For Canada?" The 
Canadian Journal o/Economics, Vol. 36, No.1, pp. 126-136. 
Baldwin, R. (2002) "Openess and growth: what's the empirical relationship', in Winters 
(2004). 
Barro, R. 1991. "Economic Growth in a Cross Section of Countries", Quarterly Journal 
0/ Economics, Vol. 106, ppA07 -443. 
Bell, T. 1992. "Should South Africa Further Liberalise its Foreign Trade?" Economics 
Trends Working Paper No. 16, Department of Economics and Economic history, Rhodes 
University . 
Bell, T.. Farrell, G., and Cassim, R. 1999. "Competitiveness, International Trade and 
Finance in a Minerals-Rich Economy: The Case of South Africa", Paper Presented at 











Belli, P., Finger, M., and Ballivan, A. 1993. "South Africa: A Review of Trade Policies." 
Discussion Paper No.4, Informal Discussion Papers on Aspects of the Economy of South 
Africa, World Bank, Washington, D.C. 
Bernard, A., and Jensen, J'\999. "Exporting and Productivity," NBER Working Paper 
No. 7135, National Bureau of Economic Research Working, Cambridge, Massachusetts. 
Biesbroeck, 1. 2005. "Exporting Raises Productivity in Sub Saharan Manufacturing 
Firms" Journal of International Economics, Vol. 67, No 2, pp. 373-391. 
Cassim, R., and van Seventer, D. 2004. "South African Trade Reform since Democracy", 
2004 Forum Paper, African Development and Poverty Reduction: The Macro-Micro 
Linkage. 
Chaing, A. 1984. "Fundamental Methods of Mathematical Economics", McGraw 
Hill/Irwin, International Edition, Singapore. 
Chang, R., Kaltani, L., and Loayza, N. 2005. "Openness Can be Good for Growth: The 
Role of Policy Complementarities," NBER Working Papers No. 11787, National Bureau 
of Economic Research, Cambridge, Massachusetts. 
Chen, P., and Gupta, R. 2006. "An Investigation of Openness and Economic Growth 
Using Panel Estimation", Working Paper No. 2006-22, Department of Economics, 
University of Pretoria. 
Chou, W., and Wong, K. 1997. "Economic Growth and International Trade: The Case of 
Hong Kong", http://faculty.washington.edu/karyiu/papers/Gro&Tra-HKP.pdf. 
Coe, D., Helpman, E., and Hoffmaister, A. 1997. "North-South R&D Spillovers," 
Economic Journal, Vol. 107, pp. 134-49. 
De Long, 1. B., and L. H. Summers, 1991, "Equipment Investment and Economic 
Growth," Quarterly Journal of Economics, Vol. 106, pp. 445-502. 
de Wet, G. 1995, "The Prognosis for Growth and Development in South Africa," South 
-1Mcan Journal of Economics, Vol. 63, pp. 473-88. 
Denison, E. 1962. "Source of Economic Growth in the United States and the Alternatives 
before the U.S." Supplementary Paper No. 13, Committee for Economic Development, 
New York. 
Dollar, D. and A. Kraay. 2004. "Trade, Growth, and Poverty," Economic Journal, Vol. 











Dollar, D.1992. "Outward-Oriented Developing Economies Really Do Grow More 
Rapidly: Evidence from 95 LDCs, 1976-85," Economic Development and Cultural 
Change, Vol. 40, pp. 523-44. 
du Plessis, S., and Smit, B. 2006. "Economic Growth 111 South Africa since 1994", 
University of Stellenbosch. 
du Plessis, S., and Smit, B. 2006. "South Africa's Growth Revival after 1994," 
Stellenbosch Economic Working Paper No. 01/06, University of Stellenbosch. 
Edwards, L. 2004. "Trade Liberalisation and Factor Returns in SA, 1988-2002", Forum 
Paper, African Development and Poverty Reduction: The Macro-Micro Linkage. 
Edwards, L. 2006. "Has South Africa Liberalised its TradeT Paper Prepared for the 
South African Trade and Poverty Research Project, SALDRU. 
Edwards, L., and Alves, P. 2006. "South Africa's Export Performance: Determinants of 
Export Supply." South Aji-ican Journal of Economics, Vol. 74, No.3, pp. 473-500. 
Edwards, L., and Golub, L. 2004. "South Africa's International Cost Competitiveness 
and Productivity in Manufacturing." World Development, Vol. 32, No.8, pp. 1323-1339. 
Edwards, L., and Lawrence, R. 2006. "South African Trade Policy Matters: Trade 
Performance & Trade Policy". CID Working Paper No. 135, Center for International 
Development, Harvard University, 
Edwards, L.. and Schaer, V. 2002, "Measures of competitiveness: A Dynamic Approach 
to South Africa's Trade Performance in the 1990s", South African Journal of Economics, 
Vol. 70, pp. 1008-1046. 
Edwards, L., and van de Winkel, T. 2005. "The Market Disciplining Effects of Trade 
Liberalisation and Regional Import Penetration on Manufacturing in South Africa." Paper 
prepared for Trade and Industry Policy Strategies. 
Edwards, S. 1993. "Openness, Trade Liberalization, and Growth in Developing 
Countries", Journal of Economic Literature, Vol. 31, No.3, pp. 1358-1393. 
Edwards, S. 1998. "Openness, Productivity and Growth: What Do We Really Know?" 
Economic Journal, Vol. 108, pp, 383-98. 
Fallon, P. and L. Pereira da Silva, 1994. "South Africa: Economic Performance and 
Policies" Informal Discussion Papers on Aspects of the South African Economy No.7, 
Southern Africa Department. World Bank, Washington, D.C. 
Fedderke, 1. 2003. "Growth Impact and Determinants of Foreign Direct Investment into 











Fedderke, J. 2005. "From Chimera to Prospect: South African Source and Constraints on 
Long Term Growth, 1970-2000" School of Economics, University of Cape Town. 
Fedderke, 1. 2005. "South Africa: Sources and Constraints of Long- Term Growth 1970-
2000". Working Paper Series No. 94, School of Economics and Centre for Social Sicence 
Research, University of Cape Town. 
Fedderke, J. 2005. "Technology, Human Capital and Growth" School of Economics, 
University of Cape Town. 
Fedderke, 1. and Vase, P. 2001. "The Nature of South Africa's Trade Patterns by 
Economic Sector, and the Extent of Trade Liberalisation during the Course of the 
1990's". South A/i'ican Journal of Economics, Vol. 69, No.3, pp. 436-473. 
Frank, I. 1968. "The Role of Trade in Economic Development", International 
Organization, Vol. 22, No.1, pp. 44-71. 
General Agreement on Tariffs and Trade (GATT). 1993. Republic of South Africa: Trade 
Policy Review. 
Ghatak, S., Milner, c., and Uktulu, U. 1997. "Exports, Export Composition and Growth: 
Cointegration and Causality Evidence for Malaysia", Applied Economics, Vol. 29, pp. 
213-223. 
Girma, S., Greenaway, D., and Kneller, R. 2004. "Does Exporting Increase Productivity? 
A Microeconometric Analysis of Matched Firms", Review of International Economics, 
Vol. 12, No.5, pp. 855-66. 
Griliches, Z., and Jorgenson, D. 1967. "The Explanation of Productivity Change", Revievv 
of Economic Studies, Vol. 34, pp. 249-283. 
Grossman, G. and Helpman, E. 1989a. "Comparative Advantage and Long Run Growth." 
NBER Working Paper No. 2809, National Bureau of Economic Research, Cambridge, 
Massachusetts. 
Grossman, G. and Helpman, E. 1991. "Quality Ladders in the Theory of Growth", The 
Review of Economic Studies, Vol. 58, No. I, pp. 43-61. 
Gujarati, D. 2003. "Basic Econometrics", McGraw Hill/Irwin, 4th edition, New York. 
Harding, T. and Rattso, J. 2005. "The Barrier Model of Productivity Growth: South 
Africa", Working Paper Series, Department of Economics, Norwegian University of 
Science and Technology, Norway. 
Harmse c., and Rangasamy, L. 2003. "The Extent of Trade Liberalisation in the 1990s: 











Harrison, A. 1994. "Productivity, Imperfect Competition and Trade Reform: Theory and 
Evidence," Journal of International Economics, Vol. 36, pp. 53-73. 
Hartzenberg, T. 2002. "South Africa's Growth Performance since 1960: A Legacy of 
Inequality and Exclusion", Paper Prepared for AERC Growth Project. 
Henriques, I., and Sadorky, P. 1996. "Export-Led Growth or Growth-Driven Exports? 
The Canadian Case", The Canadian Journal of Economics, Vol. 29, No.3, pp. 540-555. 
IMF, World Economic Outlook, Washington, DC, May 1997. 
International Monetary Fund, 1998. "Growth Accounting", in South Africa- Selected 
Issues, IMF Country Report No. 98/96, International Monetary Fund, Washington, D.c' 
Jonsson, G. and Subramanian, A. 2001. "Dynamic Gains from Trade: Evidence from 
South Africa." IMF Staff Papers, Vol. 48, No.1, pp. 197-224. 
Kalima-Phiri, B. 2005. "South Africa's Trade Policy", Country Background Paper for 
CUTS-CITEE's Trade, development and Poverty (TOP) Project. 
Khamfula, Y. 2004. "Macroeconomic Policies, Shocks and Economic Growth in South 
Africa", School of Economics and Business Sciences, University of the Witwatersrand. 
Final Draft (Revised). 
Kim, E. 2000. "Trade Loberalization and Productivity Growth in Korea Manufacturing 
Industries: Price Protection, Market Power, and Scale Efficiency", Journal of 
Development Economics, Vol. 62, No. I, pp. 55-83. 
Kusi, N. 2002. "Trade Liberalization and South Africa's Export Performance", Paper 
Presented at the Trade and Industrial Policy Strategies Annual Forum. 
Loots, E. 2002. "Globalisation and Economic Growth in South Africa: Do We Benefit 
from Trade and Financial Liberalisation?" Department of Economics, RAU. 
Lucas, R. 1988. "On the Mechanics of Economic Development", Journal of Monetmy 
Economics, Vol. 22, pp. 3-42. 
Lucas, R. 1990. "Why Doesn't Capital Flow from Rich to Poor CountriesT American 
Economic Review, Vol. 80, pp.92-96. 
Medina-Smith, J. 2001. "Is the Export-Led Growth Hypothesis Valid for Developing 
Countries? A Case of Costa Rica", United Nations Conference on Trade and 
Development, United Nations. 
Melitz, M. 2003. "The Impact of Trade on Intra-industry Reallocations and Aggregate 











Mohr, P. 2003. "The South African Balance of Payments in the I 990s", The South 
African Journal of Economic HistOlY, Vol. 18, pp. 366 - 395. 
Motinga, D. 2001. "Openness and Economic Growth: Is there a Long Run Relationship 
for Namibia?" NEPRU Working Paper No. 79, The Namibian Economic Policy Research 
Unit. 
Muradzikwa, S., Smith, L., and de Villiers, P. 2004. "Economics", Oxford University 
Press, South Africa. 
Nattrass, N., Wakeford., 1., and Muradzikwa, S. 2002. "Macroeconomics: Theory and 
Policy in South Africa", David Philip, Third Revised Edition, Cape Town. 
Nowak-Lehmann, F. 2000. "Trade policy and its impact on economic growth: Can 
openness speed up output growth?" Discussion Paper No. 75, America Institute for 
Economic Research, University of Goettingen. 
Pritchett, L. 1996. "Measuring Outward Orientation: Can it be Done?" Journal of 
Development Economics, Vol. 49, No.2, pp. 419-447. 
Quah, D., and Rauch, J., 1990. "Openness and the Rate of Economic Growth", Working 
Paper, University of California, San Diego. 
Rangasamy, L., and Harmse, C. 2003. "Revisiting the Extent of Trade Liberalisation in 
the 1990s" South African Journal of Economics, Vol. 70, No.4, pp. 705-728. 
Republic of South Africa. 1996. "Growth, Employment and Redistribution", Government 
Printer. Pretoria, South Africa. 
Riedel, 1. 1984. "Trade as the Engine of Growth in Developing Countries, Revisited" The 
Economic Journal, Vol. 94, No. 373, pp. 56-73. 
Rodriguez, F., and Rodrik, D. 1999. "Trade Policy and Economic Growth: A Skeptic's 
Guide to the Crossnational Evidence, NBER Working Paper, No. 7081, National Bureau 
of Economic Research, Cambridge, Massachusetts. 
Rodrik, D. 1988. "Closing the Technology Gap: Does Trade Liberalization Really Help?" 
NBER Working Paper No. 2654, National Bureau of Economic Research, Cambridge, 
Massachusetts. 
Rodrik, D. 1998. "Trade Policy and Economic Performance in Sub-Saharan Africa", 
NBER Working Paper No. 6562, National Bureau of Economic Research, Cambridge, 
Massachusetts. 
Rodrik, D. 2006. "Understanding South Africa's Economic Puzzles", NBER Working 











Romer, D. 2001. "Advanced Macroeconomics", McGraw Hill/Irwin, 2nd edition, New 
York. 
Romer, P. 1986. "Increasing Returns and Long Run Growth", Journal of Political 
Economy, Vol. 94, pp. 1002-1037. 
Romer, P. 1990. "Endogenous Technological Change", Journal of Political Economy, 
Vol. 98, No.5, Part 2, pp. S71-SI02. 
Romer, P. 1991. "The Origins of Endogenous Growth", Journal of Economic 
Perspective, Vol. 8, No.1, pp. 3-22. 
Rweyemamu, J. 1968. "International Trade and the Developing Countries" The Journal 
of Modern African Studies, Vol. 7, No.2, pp. 203-219. 
Sachs, J. and Warner, A. 1995. "Economic Reform and the Process of Global 
Integration," Brookings Papers on Economic Activity, No.1, pp. 1-118. 
Sarel, M., 1997, "Growth and Productivity in ASEAN Countries," IMF Working Paper 
No.97/97, International Monetary Fund, Washington, D.C. 
South African Reserve Bank, Quarterly Bulletin, June 2007, Pretoria. 
Strydom, P. 1995. "International Trade and Economic Growth: The Opening Up of the 
South African Economy," South Aji-ican Journal 0.( Economics, Vol. 63, pp. 556-76. 
Swan, T. 1956. "Economic Growth and Capital Accumulation", Economic Record, Vol. 
32, pp. 334-61. 
Thurlow, J. 2006b. "Who Benefits from South Africa's Bilateral Trade Agreements?" 
Paper Prepared for Trade and Industrial Policy Strategies. 
Tsikata. I. 1999. "Liberalization and Trade Performance in South Africa." Informal 
Discussion Papers on Aspects of the South African Economy No. 13, World Bank, 
Washington, D.C. 
Tybout, J. 1992, "Linking Trade and Productivity: New Research Directions," The World 
Bank Economic Review, Vol. 6, pp. 189-211. 
Tybout, J. 2000. "Manufacturing Firms in Developing Countries: How Well Do They Do, 
and Why?" Journal o.(Economic Literature, Vol. 38, No. I, pp. 11-44. 
Tybout, J., and Westbrook, M. 1995. "Trade Liberalisation and the Dimensions of 
Efficiency Change in Mexican Manufacturing Industries", Journal of International 











van Seventer, D. 2001. "The Level and Variation of Tariff Rates: An analysis of Nomina I 
and Effective Tariff Rates in South Africa for the years 2000 and 200 I," Paper Presented 
at the Trade and Industrial Policy Strategies Annual Forum. 
Wacziarg, R. 2001. "Measuring the Dynamic Gains from Trade", World Bank Economic 
Review', Vol. 15, Vol. 3, pp. 393-429. 
Wagner, 1. 2007. "Exports and Productivity: A Survey of the Evidence from Firm Level 
Data." The World Economy, Vol. 30, No. I, pp. 60-82. 
Winters, L. 2004. ''Trade Liberalization and Economic Performance: An Overview," The 
Economic Journal, Vol. 114, pp. F4-F21. 
World Trade Organization, 1998, Republic of South Africa: Trade Policy Review, 
Geneva. 
htpp://cepa.newschool.edu/het/essays/growth/classica1!rrowth.htm 













1. Deriving Equation (3) 
Y = AF(K,L) 
y"",YIL 
y = AF(K,L)I L or y = AF I L 
dy = dAF I L + AdF I L - AFdL I L2 (J) 
dF = (aF I aK) . dK + (aF I aL) . dL (2) 
substitute (2) into (J ) 
dy I)' = dA(F I L)(L I AF) + (AI L)(FKd K )(L I AF) + (A I L)(F~d L )(L I AF) - AF(dLI L2 )(LI AF) 
(3) 
FK IF· d K = aF I aK . dK . (l I F)· (K I K) 
FK IF· d K = aF I aK· (K I F)· (dK I K) 
let aF I aK . (K I F) = & K 
Similarly FL IF· dL = &L (dLi L) 
:. (3) becomes: 
dy I Y = dA I A + & 1\ (dK I K) + & L (dLi L) - dLi L (4) 
let "hat" denote the growth rate of a variable (i.e. dXlX) and define the ratio of capital per 
worker as k "'" K I L . 











2. Deriving Equation (6) 
Y =AF(K,L) 
A = g(R,D,T) 
Y = g(R,D,T)F(K,L) 
y=Y/ L 
y=[g(R,D,T)F(K,L)]L or y=gF/L 
dy = dgF / L + gdF / L - gFdL/ L2 
(\) 
dg = (ag / aR)· dR + (ag / aD)· dD + (ag / aT)dT 
(2) 
dF = (aF / aK)· dK + (aF / aL)· dL 
(3) 
substitute (2) and (3) into (l) 
dy /)' = (gRd R )(F / L)(L/ gF) + (god o)(F / L)(L/ gF) + (gTdT )(F / L)(L/ gF) + (g / L)(FAd A )(L/ gF) 
+ (g / L)(FLd L )(L/ gF) - gF(dL / L2)(L/ gF) 
cZv / y = (g R / g . d R) + (g 0 / g . do) + (g T / g. dT) + (FA / F . d A) + (FL / F . d L) - dL / L 
(4) 
gR / g ·dR = (ag/ aR) ·dR·(1 / g) ·(R/ R) 












:. (4) becomes: 
dy / y = a R (dR / R) + aD (dD ; D) + aT (dT / T) + & K (dK / K) + & L (dL / L) - dL / L (5) 
let "haC denote the growth rate of a variable (i.e. dXlX) and define the ratio of capital per 
worker as k == K / L . 
Rearranging the terms (5) becomes: 
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